SUMMARY An unusual form of spinal muscular atrophy presenting with respiratory failure was observed in four infants from two families. In one, whose death was attributed to pneumonia, the diagnosis was inferred retrospectively after two siblings died from an identical illness and were shown to have diaphragmatic paralysis and the typical electrophysiological and histological features of spinal muscular atrophy. Other signs of skeletal muscular weakness were absent or inconspicuous. The fourth, unrelated infant presented in an identical way but has survived for over a year on a ventilator. Two months after the onset of respiratory paralysis, more extensive skeletal muscular weakness was seen. Other infants, dying of unexplained respiratory illness, may have this disorder and some may be included in the miscellany of disorders that constitute the sudden infant death syndrome.
Bilateral diaphragmatic paralysis is rare in infancy'
and results in severe, often lethal, respiratory failure.' 2 Diagnosis is difficult without radiological screening, and the respiratory difficulty may easily be ascribed to a non-neuromuscular cause.2 Mellins et a12 described two infants who presented with respiratory failure as a result of diaphragmatic paralysis due to an unusual variant of spinal muscular atrophy. Standard reference texts emphasise the relative sparing of the diaphragm more usually seen in this disease and none mentions diaphragmatic paralysis occurring before other evidence of skeletal muscular weakness. Even when spinal muscular atrophy presents, exceptionally, with respiratory difficulty, intercostal rather than diaphragmatic weakness is the rule and other signs of skeletal muscular weakness are clinically obvious.3 This report describes four patients with spinal muscular atrophy and early diaphragmatic involvement and discusses possible ways in which other, unrecognised cases may present.
Family history (patients 1, 2, and 3)
The parents of this family of four children are aged 21 and 22 years and although apparently nonconsanguineous, both sets of grandparents are from the same relatively isolated district of the Dumfries and Galloway region of Scotland and a minor degree of consanguinity cannot be excluded. A first cousin of the mother had died aged 3 months of a 'cot death' but the family history is otherwise unremarkable.
Case reports Case 1. Born at term in September 1980 after an uneventful pregnancy, this girl died aged 9 weeks after a two day respiratory illness. Permission for necropsy was refused and the cause of death was given as pneumonia. She had been previously healthy and no neurological disorder had been suspected. Case 2. This boy was born at term in September 1981; his birthweight was 3-5 kg. There were no perinatal problems and his early development was normal. He developed signs of respiratory difficulty at the age of 4 months and was given amoxycillin. A few days later he was admitted to his district hospital with a presumptive diagnosis of pneumonia. Diaphragmatic dysfunction was suspected when chest radiography showed an elevated right hemidiaphragm without parenchymal lung pathology. noticeable reduction in the number of large myelinated axons and occasional degenerating axons. This appearance was seen to a lesser degree in other peripheral nerves examined. All muscles examined showed extensive neurogenic atrophy with occasional groups of hypertrophied fibres. This appearance, without hypertrophy, was also seen in the diaphragm. A few muscles showed focal areas of necrosis with quite considerable calcium deposition.
Case 3. This girl was born in January 1983 and had no perinatal problems. Neurological examination at the age of 3 weeks showed no abnormalities apart from difficulty in eliciting the ankle jerks. Electrophysiological examination, however, was unequivocally abnormal and gave results similar to those observed in the previous sibling. Serial examinations showed deterioration, and by 10 weeks of age it was not possible to stimulate any lower limb nerves and the electromyogram showed clear evidence of denervation with reduced volitional activity and the appearance of abnormal spontaneous activity. Despite these findings the clinical examination remained remarkably normal and the quadriceps reflexes were still present. It was no surprise when, at the age of 2 months, progressive respiratory symptoms developed.
A subtle but definite change in respiratory pattern was the earliest feature. This consisted of exaggerated intercostal movements and bouts of tachypnoea without obvious respiratory distress. Indeed, a conspicuous feature throughout the illness was the lack of any appearance of breathlessness. In the few days before death she experienced some feeding difficulty and transient episodes of cyanosis, but even 12 hours before her death she was smiling and playing quite contentedly. By this stage there was complete areflexia but signs of muscle weakness were, as in the previous sibling, minimal and confined to the distal lower limbs. Radiological screening confirmed the absence of normal diaphragmatic movement. The platelet count (838 x 109/l), plasma creatine kinase (276 IU/l), and lactate dehydrogenase (542 IU/l) were increased but there were no specific haematological or biochemical abnormalities. The sural nerve could not be identified when biopsy was attempted but muscle histology showed evidence of denervation (Fig. 2a) . In the week before death a course of plasmapheresis was given and corticosteroids administered, both without apparent effect. She died suddenly aged 11 weeks and necropsy permission was refused.
Case 4. The parents of this girl are aged 24 and 21 years and are unrelated. The father has two healthy children by a previous marriage. The gestation and birth were normal. The father later recalled that her cry was weak from birth but at first she fed normally. At the age of 4 months she was admitted to her district hospital with left upper lobe pneumonia. There was a history of tachypnoea and increasing difficulty in feeding for one month, and of recent loss of head control in the prone position. Despite treatment with ampicillin and cloxicillin she collapsed two days after admission and required oxygen and tube feeding. Because she seemed hypotonic a diagnosis of Werdnig-Hoffmann disease was considered and she was transferred to the Regional Neurological Centre. On arrival she was in severe respiratory distress with striking intercostal recession, paradoxical abdominal movement, and vigorous use of the accessory muscles including powerful neck retraction. There were active struggling movements of all four limbs, with powerful palmar and plantar grasp reflexes but she was moderately hypotonic. On oxygen treatment she (Fig. 2b) .
At this stage a diagnosis of atypical spinal muscular atrophy was made. She was transferred at the age of 7 months to a unit nearer her home where she has, to date survived a further 15 months. At the age of 13 months her muscle involvement had become more severe but remained highly selective with extensive weakness of the upper limb muscles, but, in the lower limbs, good preservation of the hip abductors and extensors and relative preservation of the quadriceps but severe weakness of hip flexion and adduction and of the hamstrings. She we have not employed all the detailed histological studies which they used, the conclusion that the disorders are identical seems inescapable. They observed reduced motor nerve conduction velocities in their patients, a finding which has been reported subsequently in the severe form of the disorder9 and was also seen in our patients. Sensory abnormalities, seen in two of our patients, are unusual but have been described previously by Marshall and Duchen."' Interestingly, they observed considerably greater diaphragmatic involvement than is generally reported, a feature which was most noticeable in their more severely affected cases.
Autosomal recessive inheritance is clearly shown in the second and third patients and it seems reasonable to infer that the first died of the same disorder. A similar family history of unidentified lethal respiratory illness was encountered in the first of the two original cases described by Mellins et al.2 The repetition of the same clinical pattern in successively affected siblings implies a genetic entity distinct from either classic (type I) or chronic childhood (type II) spinal muscular atrophy." The arrest of the progression in case 4, though it may prove eventually to be temporary, suggests that this form, like type II, may run an intermittent and unpredictable course.
Both of these instances illustrate how readily this disorder may be misdiagnosed as a primary respiratory illness and it is possible that other cases have also been overlooked. Neurological abnormality, even if present at the onset of respiratory difficulty, is not at all obvious and is easily missed in an infant whose illness seems to affect an entirely separate system. Neither is the abnormal respiratory pattern particularly distinctive, and in the second patient only the finding of an elevated hemidiaphragm alerted the clinician to the possibility of diaphragmatic paralysis. It is unlikely that this finding would have provoked comment but for the absence of concomittant lung pathology more usually associated with this radiological appearance. The familial recurrence of a lethal respiratory illness is more likely to provoke thoughts of cystic fibrosis or, if this diagnosis is excluded by necropsy, a familial immune deficiency syndrome. The'subtle neuropathological features of this disorder might easily be overlooked unless looked for specifically.
The rapid progression and absence of compelling symptoms until an advanced stage of respiratory failure is reached was a particularly striking feature and it has to be considered that certain cases of seemingly unexplained sudden infant death syndrome may be due to this disorder. Diaphragmatic dysfunction is most detrimental to respiratory function when the subject is in the supine position. [12] [13] [14] 
